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Figure B8. Figure showing HomER GUI interface with dConc of HbO signal after 3rd order bandpass 
filtration for right anterior temporal region. 

 

Figure B9. Figure showing HomER GUI interface with dOD of HbO signal after 3rd order bandpass 
filtration, and averaging across 5 blocks to create a single block consisting of three thirty second stimuli 

for right anterior temporal region. 
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Figure B10. Figure showing HomER GUI interface with dOD of HbO signal after 3rd order bandpass 
filtration, and averaging across 5 blocks to create a single block consisting of three thirty second stimuli 

for right anterior temporal region. 

Appendix C- Consistency between 15 second and 30 second average 
 

In order to test whether or not the 30-second stimulus (across each 30-sec stimuli of a given 

paradigm) reflects the hemodynamic response function, the 30 second HRF data was compared 

for consistency to the mid 15-second window of the HRF data. For this study, 2 channels were 

randomly selected, one channel in the right hemisphere and one channel in the left hemisphere. 

The 15 second average was taken from 5th second to 20th second for a given 30-sec stimulus and 

paradigm (word expression or word reception).  At each time series, within the 15-sec and 30-sec 

stimulus windows, the HRF data (i.e. HbO, HbR, or HbT) was averaged across the blocks and 

trials for a given stimulus in a given paradigm.  The student t-test was performed between the 

two averaged time-series that corresponded to the 30-sec and 15-sec window of the given 
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stimulus (for a given paradigm).    If the p-values are less than 0.05, the two time series are 

significantly different.  In the current studies performed across all stimulus in each paradigm, 

demonstrated that the p-values were greater than 0.05 in all cases.  This implies that the 30-sec 

stimulus window is consistent with the mid 15-seconds window of the same stimulus in all 

cases.. Tables C1-C6 show the p-value results for all the 3 stimuli in both the word expression 

and word reception paradigm, in terms of HbO, HbR, and HbT.  

Word Expression Paradigm:15 second average  vs. 30 second average (HbO) 
Channel Word Generation Jaw Movement Rest 

L2 0.1191 0.5367 0.4625
R7 0.8301 0.2038 0.2420

Table C1. A table showing the results of the t-test in terms of p-values for the Word Expression Paradigm when comparing the 15 
second average vs. the 30 second average for 2 randomly selected channels in the left and right hemispheres for HbO, 

across all three stimuli. The 15 second average was selected from time 5 second through time 20 second. P values 
greater than 0.05 should not be considered statistically different. 

Word Expression Paradigm:15 second average  vs. 30 second average (HbR) 
Channel Word Generation Jaw Movement Rest 

L6 0.1540 0.3766 0.6341
R3 0.8654 0.2207 0.9412

Table C2. A table showing the results of the t-test in terms of p-values for the Word Expression Paradigm when comparing the 15 
second average vs. the 30 second average for 2 randomly selected channels in the left and right hemispheres for HbR, 

across all three stimuli. The 15 second average was selected from time 5 second through time 20 second. P values 
greater than 0.05 should not be considered statistically different. 

Word Expression Paradigm:15 second average  vs. 30 second average (HbT) 
Channel Word Generation Jaw Movement Rest 

L1 0.2800 0.3133 0.7428
R8 0.1576 0.4576 0.4074

Table C3. A table showing the results of the t-test in terms of p-values for the Word Expression Paradigm when comparing the 15 
second average vs. the 30 second average for 2 randomly selected channels in the left and right hemispheres for HbT, 

across all three stimuli. The 15 second average was selected from time 5 second through time 20 second. P values 
greater than 0.05 should not be considered statistically different. 

Word Reception Paradigm:15 second average  vs. 30 second average (HbO) 
Channel Word Generation Jaw Movement Rest 

L2 0.4432 0.6233 0.7479
R7 0.1218 0.8129 0.2044

Table C4. A table showing the results of the t-test in terms of p-values for the Word Reception Paradigm when comparing the 15 
second average vs. the 30 second average for 2 randomly selected channels in the left and right hemispheres for HbO, 

across all three stimuli. The 15 second average was selected from time 5 second through time 20 second. P values 
greater than 0.05 should not be considered statistically different. 
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Word Reception Paradigm:15 second average  vs. 30 second average (HbR) 
Channel Word Generation Jaw Movement Rest 

L6 0.0781 0.3656 0.3982
R3 0.1220 0.7151 0.5046

Table C5. A table showing the results of the t-test in terms of p-values for the Word Reception Paradigm when comparing the 15 
second average vs. the 30 second average for 2 randomly selected channels in the left and right hemispheres for HbR, 

across all three stimuli. The 15 second average was selected from time 5 second through time 20 second. P values 
greater than 0.05 should not be considered statistically different. 

Word Reception Paradigm:15 second average  vs. 30 second average (HbT) 
Channel Word Generation Jaw Movement Rest 

L1 0.2352 0.9745 0.1114
R8 0.7328 0.2701 0.4778

Table C6. A table showing the results of the t-test in terms of p-values for the Word Reception Paradigm when comparing the 15 
second average vs. the 30 second average for 2 randomly selected channels in the left and right hemispheres for HbT, 

across all three stimuli. The 15 second average was selected from time 5 second through time 20 second. P values 
greater than 0.05 should not be considered statistically different. 

 

Appendix D- Regional Analysis Statistical Results 
 

For each of the four fronto-temporal  regions ( Left Anterior, Right Anterior, Left 

Posterior, Right Posterior) that were monitored during both paradigms, there were four channels 

( source-detector pair) corresponding to each region. These four separate regions encompassed 

the two language areas (Left anterior region encompassing Broca’s area, Left posterior region 

encompassing Wernicke’s area) as well as their right hemisphere analogs. The channels that 

were located in these regions encompassed the area of interest, but also outer volumetric areas. 

The goal of creating an average of the channels was to obtain the averaged response of the 

language areas in the temporal region during the two language paradigms. In order to get an 

average that reflected only those areas involved in language function in the brain, statistical 

analysis was used to determine whether or not each channel was contributing information from 

these areas. 
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In order to create the regional average, the channels were divided into two temporal 

regions, the anterior region (encompassing Broca’s area and its right analog) which resided in the 

front of the temporal region, and the posterior region (encompassing Wernicke’s area and its 

right analog) which resided in the rear of the fronto-temporal region. Each region is comprised of 

four channels, in the anterior region these channels are (Ch.5, Ch.6, Ch.7, and Ch.8), and in the 

posterior region these channels are (Ch.1, Ch.2, Ch.3, Ch.4).  Two of the channels, channel 4 and 

channel 5, encompassed not only the language area of interest, but also parts of the motor cortex 

as well as auditory cortex. These two channels were excluded due to the fact that the information 

contained in these channels related not just to the language areas of the brain, but other areas as 

well. Statistical analysis was used to determine whether or not these channels were actually 

contributing information regarding to the language areas of the brain as described below. 

A two tailed t-test was used to obtain the p-values between the individual channel and the 

overall mean (described  in section 3.5). Once the average for a given region was calculated, an 

activation analysis (described  in section 3.4.1) , functional connectivity analysis ( described in 

section 3.4.2), and lateralization analysis (described in section 3.4.3) was performed for both  

language paradigms. 

The regional average contains channels 6,7, and 8 from the anterior region, and channels 1,2, and 

3 from the posterior region.  Channels 4 and 5 were excluded from the regional analysis to 

circumvent the volume conduction effect, since when a single source is shared by two different 

detectors it potentially induces a volume conduction effect.   Aside from the potential volumetric 

conduction these channels could introduce, statistical analysis was used to confirm that these two 

channels (both in the left and right hemisphere) were significantly different from the other 3 
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channels in both the anterior and posterior region. Two methods were used to determine to 

exclude channels 4 and 5. The first was by comparison of the average of all the channels to the 

average of the individual channel for each of the three stimuli for both the word expression 

paradigm, as well as the word reception paradigm by means of a two tailed t-test (α = 0.05). All 

channels  except channels 4 and 5 showed not to be statistically significantly different when 

compared to their respective regional average (i.e channels in a particular region compared to the 

average of all channels comprising that particular region) (i.e p>0.05), but channels 4 and 5 were 

found to be statistically significantly different (i.e p<0.05) from their respective regional means 

((both in the left and right hemisphere) (for both 4 channel average (including Ch.4, Ch.5, and 3 

channel average (excluding Ch.4, Ch.5)). For the 4 channel average, the outcome was to reject 

null hypothesis that channels 4 and 5 were equal to regional mean, and accept alternative 

hypothesis that channels 4 and 5’s means were significantly different from the regional average. 

Once the t-test had been performed the standard deviations of the regional averages were also 

compared to both the regional averages containing channels 4 and 5( 4 channel average), as well 

as the regional averages with these channels removed( i.e the three channel regional mean and 

standard deviation for each of the four regions). It was found that the 3channel regional average  

standard deviations which excluded channels 4 and 5  were smaller than the  4 channel regional 

average standard deviations containing channels 4 and 5( See Tables D1-D12). 
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4 Channel  Regional 
Average 

Oxy-Hemoglobin( 
HbO) 

Word Generation Jaw Movement Rest 

Left Anterior Mean 1.14E-05 -1.78E-06 4.75E-06
Std. Dev. 4.54E-06 2.63E-06 3.02E-06

Left Posterior Mean 7.53E-06 9.30E-06 4.45E-06
Std. Dev. 3.68E-06 1.20E-06 1.51E-06

Right Anterior  Mean 5.22E-06 5.88E-06 5.35E-06
Std. Dev. 3.28E-06 2.46E-06 3.24E-06

Right Posterior Mean 6.90E-06 8.51E-06 3.62E-06
Std. Dev. 3.74E-06 1.12E-06 1.17E-06

3 Channel Regional 
Average 

    

Left Anterior Mean 9.03E-06 -1.85E-06 4.26E-06
Std. Dev. 3.75E-07 2.22E-08 2.91E-08

Left Posterior Mean 7.51E-06 8.97E-06 3.67E-06
Std. Dev. 3.70E-07 1.36E-07 1.26E-07

Right Anterior Mean 5.31E-06 5.72E-06 5.13E-06
Std. Dev. 3.56E-07 2.73E-07 3.03E-07

Right Posterior Mean 7.26E-06 8.97E-06 3.30E-06
Std. Dev. 3.61E-07 9.45E-07 1.29E-07

Table D1. A table of the mean and standard deviation of the 4 channel regional average and the 3 channel regional average for 
HbO during the Word Expression Paradigm. 

 

4 Channel  Regional 
Average 

Deoxy 
hemoglobin(HbR) 

Word Generation Jaw Movement Rest 

Left Anterior Mean -5.66E-06 -9.28E-06 -1.47E-06
Std. Dev. 5.83E-06 4.89E-06 1.28E-06

Left Posterior Mean -1.75E-06 -2.76E-06 -1.05E-06
Std. Dev. 1.71E-06 9.62E-07 5.89E-07

Right Anterior  Mean -6.72E-06 -5.58E-06 -8.48E-07
Std. Dev. 5.32E-06 4.66E-06 1.04E-06

Right Posterior Mean -6.06E-07 -2.25E-06 -5.47E-07
Std. Dev. 1.50E-06 7.00E-07 3.91E-07

3 Channel Regional 
Average 

    

Left Anterior Mean -6.63E-06 -8.24E-06 -1.12E-06
Std. Dev. 6.05E-07 5.33E-07 1.34E-07

Left Posterior Mean -9.49E-07 -1.99E-06 -7.36E-07
Std. Dev. 1.33E-07 8.42E-07 5.53E-07

Right Anterior Mean -6.65E-06 -6.08E-06 -1.28E-06
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Std. Dev. 5.45E-07 4.59E-07 8.99E-07
Right Posterior Mean -2.69E-07 -1.64E-06 -6.08E-07

Std. Dev. 1.29E-07 4.43E-07 3.95E-07
 

Table D2. A table of the mean and standard deviation of the 4 channel regional average and the 3 channel regional average for 
HbR during the Word Expression Paradigm. 

 

4 Channel  Regional 
Average 

Total Hemoglobin 
( HbT) 

Word Generation Jaw Movement Rest 

Left Anterior Mean 6.04E-06 -1.13E-05 3.01E-06
Std. Dev. 5.96E-06 4.92E-06 2.34E-06

Left Posterior Mean 5.73E-06 6.54E-06 3.62E-06
Std. Dev. 2.48E-06 9.87E-07 1.41E-06

Right Anterior  Mean -1.27E-06 6.54E-06 4.88E-06
Std. Dev. 5.05E-06 6.57E-06 3.69E-06

Right Posterior Mean 6.26E-06 6.33E-06 3.23E-06
Std. Dev. 2.80E-06 9.43E-07 1.04E-06

3 Channel Regional 
Average 

  

Left Anterior Mean 2.69E-06 -1.05E-05 2.98E-06
Std. Dev. 6.33E-07 5.41E-07 1.87E-07

Left Posterior Mean 6.49E-06 7.03E-06 3.16E-06
Std. Dev. 2.83E-07 1.09E-07 1.46E-07

Right Anterior Mean -1.09E-06 -1.17E-06 7.37E-06
Std. Dev. 5.57E-07 6.84E-07 3.42E-07

Right Posterior Mean 6.95E-06 7.37E-06 2.93E-06
Std. Dev. 2.85E-06 9.12E-07 1.39E-06

Table D3. A table of the mean and standard deviation of the 4 channel regional average and the 3 channel regional average for 
HbT during the Word Expression Paradigm. 
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4 Channel  Regional 
Average 

Oxy-Hemoglobin 
(HbO) 

Forward Audio Reverse Audio Rest 

Left Anterior Mean 4.95E-07 -1.80E-06 -3.44E-07
Std. Dev. 1.39E-06 1.01E-06 1.03E-06

Left Posterior Mean -1.55E-06 -2.58E-06 1.36E-07
Std. Dev. 1.47E-06 7.32E-07 1.28E-06

Right Anterior  Mean 7.46E-07 -8.98E-07 -7.06E-07
Std. Dev. 1.02E-06 9.52E-07 6.41E-07

Right Posterior Mean -4.47E-07 -2.73E-06 -7.46E-07
Std. Dev. 8.95E-07 4.71E-07 6.11E-07

3 Channel Regional 
Average 

    

Left Anterior Mean 3.12E-07 -2.26E-06 -5.50E-07
Std. Dev. 1.48E-08 1.30E-08 1.10E-08

Left Posterior Mean -1.80E-06 -3.00E-06 1.08E-07
Std. Dev. 1.73E-08 8.47E-08 1.52E-08

Right Anterior Mean 4.41E-07 -8.64E-07 -7.40E-07
Std. Dev. 9.89E-08 1.09E-08 7.61E-08

Right Posterior Mean -7.25E-07 -2.66E-06 -8.00E-07
Std. Dev. 9.00E-08 3.7E-07 6.54E-07

Table D4. A table of the mean and standard deviation of the 4 channel regional average and the 3 channel regional average for 
HbO during the Word Reception Paradigm. 

4 Channel  Regional 
Average 

Deoxy-
Hemoglobin 
(HbR) 

Forward Audio Reverse Audio Rest 

Left Anterior Mean 3.03E-08 2.90E-07 8.16E-09
Std. Dev. 2.18E-07 2.27E-07 3.05E-07

Left Posterior Mean -1.73E-08 7.13E-07 4.73E-07
Std. Dev. 4.86E-07 3.57E-07 3.26E-07

Right Anterior  Mean 1.24E-07 6.64E-07 5.33E-07
Std. Dev. 2.37E-07 2.74E-07 1.42E-07

Right Posterior Mean 4.87E-07 9.34E-07 2.61E-07
Std. Dev. 1.19E-07 1.44E-07 2.56E-07

3 Channel Regional 
Average 

    

Left Anterior Mean 3.24E-07 1.01E-06 4.99E-07
Std. Dev. 4.82E-07 5.33E-08 1.35E-08

Left Posterior Mean 6.01E-08 2.57E-07 -6.42E-08
Std. Dev. 1.33E-08 8.43E-08 5.54E-08

Right Anterior Mean 1.16E-07 6.76E-07 6.88E-07
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Std. Dev. 5.45E-08 4.59E-08 8.99E-07
Right Posterior Mean 4.55E-07 8.19E-07 2.07E-07

Std. Dev. 1.29E-07 4.44E-08 3.96E-08
Table D5.  A table of the mean and standard deviation of the 4 channel regional average and the 3 channel regional average for 

HbR during the Word Reception Paradigm. 

4 Channel  Regional 
Average 

Total Hemoglobin 

(HbT) 

Forward Audio Reverse Audio Rest 

Left Anterior Mean 2.69E-08 2.91E-07 2.35E-08
Std. Dev. 2.19E-07 2.30E-07 3.03E-07

Left Posterior Mean -1.17E-08 6.85E-07 4.72E-07
Std. Dev. 4.90E-07 3.92E-07 3.12E-07

Right Anterior  Mean 1.14E-07 6.68E-07 5.28E-07
Std. Dev. 2.31E-07 2.76E-07 1.38E-07

Right Posterior Mean 4.82E-07 9.44E-07 2.80E-07
Std. Dev. 1.14E-07 1.32E-07 2.65E-07

3 Channel Regional 
Average 

  

Left Anterior Mean 3.28E-07 9.82E-07 5.13E-07
Std. Dev. 4.88E-07 4.03E-07 3.50E-07

Left Posterior Mean 5.62E-08 2.64E-07 -5.22E-08
Std. Dev. 2.15E-07 2.90E-07 3.08E-07

Right Anterior Mean 1.03E-07 6.82E-07 6.75E-07
Std. Dev. 1.86E-07 2.41E-07 1.73E-07

Right Posterior Mean 4.49E-07 8.33E-07 2.20E-07
Std. Dev. 1.03E-07 1.36E-07 1.98E-07

Table D6. A table of the mean and standard deviation of the 4 channel regional average and the 3 channel regional average for 
HbT during the Word Reception Paradigm. 
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Tables D7-D12 are given to show the p-values when comparing channels 4 and 5 

to their respective four channel means. Channels 4 and 5 in both the left and right 

hemispheres of the fronto-temporal regions show p-values less than 0.05. This means that 

these means are to be considered statistically significantly different from the regional 

average, and hence were removed from regional average. P-values from those means that 

are considered statistically significantly different are highlighted in red.  

WORD EXPRESSION PARADIGM p-values (Channels vs. Mean of all four channels) (HbO) 

 L1 L2 L3 L4 R1 R2 R3 R4 
W.G 0.1333 0.1238 0.1132 0.0000 0.5328 0.1626 0.1922 0.0000
J.M 0.6465 0.0813 0.8897 0.0000 0.4714 0.4301 0.3365 0.0020
R 0.2641 0.2588 0.6311 0.0000 0.7313 0.3796 0.2323 0.0029
         
 L5 L6 L7 L8 R5 R6 R7 R8 
W.G 0.0000 0.1168 0.6817 0.6218 0.0006 0.3810 0.7199 0.6263
J.M 0.0001 0.3654 0.1942 0.9590 0.0247 0.1171 0.2127 0.2665
R 0.0000 0.6003 0.1452 0.7470 0.0348 0.3036 0.4068 0.1203

Table D7. A table showing the results of the t-test for the Word Expression Paradigm when comparing each individual channel to 
the overall regional average for each stimuli ( FA-Forward Audio, RA- Reverse Audio, R-Rest) for HbO. P values 

greater than 0.05 should not be considered statistically different. 

 

WORD EXPRESSION PARADIGM p-values (Channels vs. Mean of all four channels) (HbR) 

 

 L1 L2 L3 L4 R1 R2 R3 R4 
W.G 0.3300 0.5327 0.1054 0.0001 0.2163 0.9354 0.3358 0.0000
J.M 0.7277 0.2732 0.9595 0.0000 0.6114 0.3449 0.1382 0.0000
R 0.9928 0.5404 0.0873 0.0000 0.1274 0.2895 0.8563 0.0056
         
 L5 L6 L7 L8 R5 R6 R7 R8 
W.G 0.0232 0.5895 0.7001 0.9903 0.0000 0.4880 0.7804 0.1854
J.M 0.0028 0.8057 0.5537 0.1252 0.0002 0.9200 0.8284 0.3610
R 0.0001 0.1346 0.0692 0.3895 0.0001 0.9339 0.2975 0.2661

Table D8. A table showing the results of the t-test for the Word Expression Paradigm when comparing each individual channel to 
the overall regional average for each stimuli ( W.G-Word Expression, J.M- Jaw Movement, R-Rest) for HbR. P values 

greater than 0.05 should not be considered statistically different. 
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WORD EXPRESSION PARADIGM p-values (Channels vs. Mean of all four channels) (HbT) 

 L1 L2 L3 L4 R1 R2 R3 R4 
W.G 0.2427 0.8218 0.8975 0.0019 0.3279 0.3281 0.3268 0.0003
J.M 0.1952 0.6456 0.3303 0.0000 0.1192 0.7774 0.7243 0.0000
R 0.3252 0.3252 0.9101 0.0037 0.6875 0.9040 0.1452 0.0000
         
 L5 L6 L7 L8 R5 R6 R7 R8 
W.G 0.0106 0.5726 0.2871 0.0607 0.0000 0.3290 0.3223 0.3250
J.M 0.0000 0.7425 0.2426 0.8483 0.0000 0.3279 0.2860 0.9344
R 0.0087 0.1174 0.8726 0.1922 0.0001 0.2239 0.1215 0.9964

Table D9. A table showing the results of the t-test for the Word Expression Paradigm when comparing each individual channel to 
the overall regional average for each stimuli ( W.G-Word Expression, J.M- Jaw Movement, R-Rest) for HbT. P values 

greater than 0.05 should not be considered statistically different. 

 

WORD RECEPTION PARADIGM p-values (Channels vs. Mean of all four channels) (HbO) 

 L1 L2 L3 L4 R1 R2 R3 R4 
F.A 0.2427 0.8218 0.8975 0.0019 0.2482 0.2082 0.5940 0.0001
R.A 0.1952 0.6456 0.3303 0.0000 0.5748 0.6726 0.8079 0.0000
R 0.3252 0.3252 0.9101 0.0037 0.5522 0.4711 0.1218 0.0008
         
 L5 L6 L7 L8 R5 R6 R7 R8 
F.A 0.0000 0.1929 0.6488 2.7537 0.0001 0.9599 0.6190 0.8434
R.A 0.0000 0.6877 0.3670 0.4642 0.0000 0.2538 0.2660 0.3342
R 0.0000 0.1706 0.7132 0.5743 0.0000 0.7821 0.2249 0.6122

 

Table D10. A table showing the results of the t-test for the Word Reception Paradigm when comparing each individual channel to 
the overall regional average for each stimuli ( FA-Forward Audio, RA- Reverse Audio, R-Rest) for HbO. P values 

greater than 0.05 should not be considered statistically different. 

WORD RECEPTION PARADIGM p-values ( Channels vs. Mean of all four channels) (HbR) 

 L1 L2 L3 L4 R1 R2 R3 R4 
F.A 0.5108 0.5162 0.3424 0.0000 0.1083 0.1429 0.4409 0.0000
R.A 0.7586 0.2825 0.2936 0.0031 0.1480 0.3096 0.9365 0.0000
R 0.8778 0.8082 0.6459 0.0018 0.6878 0.2502 0.5938 0.0001
         
 L5 L6 L7 L8 R5 R6 R7 R8 
F.A 0.0000 0.6267 0.9985 0.8580 0.0000 0.6627 0.8456 0.7481
R.A 0.0000 0.2269 0.7200 0.5812 0.0000 0.9467 0.1073 0.6581
R 0.0004 0.1824 0.5506 0.9074 0.0000 0.3976 0.6094 0.9608

 

Table D11. A table showing the results of the t-test for the Word Reception Paradigm when comparing each individual channel to 
the overall regional average for each stimuli ( FA-Forward Audio, RA- Reverse Audio, R-Rest) for HbR. P values 

greater than 0.05 should not be considered statistically different. 
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WORD RECEPTION PARADIGM p-values ( Channels vs. Mean of all four channels) (HbT) 

 L1 L2 L3 L4 R1 R2 R3 R4 
F.A 0.3382 0.1161 0.3240 0.0000 0.4247 0.9796 0.1151 0.0000
R.A 0.4485 0.3820 0.5700 0.0000 0.1687 0.8891 0.3685 0.0000
R 0.3256 0.3209 0.2135 0.0000 0.3144 0.3822 0.2456 0.0000
    
 L5 L6 L7 L8 R5 R6 R7 R8 
F.A 0.0000 0.3457 0.4599 0.1450 0.0010 0.3898 0.2029 0.8519
R.A 0.0000 0.6049 0.8190 0.4973 0.0000 0.9104 0.1028 0.1862
R 0.0008 0.3269 0.3252 0.3910 0.0455 0.3314 0.3545 0.7100

Table D12. A table showing the results of the t-test for the Word Reception Paradigm when comparing each individual channel to 
the overall regional average for each stimuli ( FA-Forward Audio, RA- Reverse Audio, R-Rest) for HbT. P values 

greater than 0.05 should not be considered statistically different. 

Tables D13-D18 are given to show the p-values when comparing the three 

channel mean to individual channels with  channels 4 and 5 removed. Channels 4 and 5 

in both the left and right hemispheres of the fronto-temporal regions showed p-values less 

than 0.05( Tables . This means that these means are to be considered statistically 

significantly different from the regional average, and hence were removed from regional 

average. P-values from those means that are considered statistically significantly different 

are highlighted in red.  

WORD EXPRESSION PARADIGM p-values (Channels vs. Mean of all three channels) (HbO) 

 L1 L2 L3  R1 R2 R3 
W.G 0.709 0.225 0.257  0.213 0.357 0.463
J.M 0.093 0.274 0.791  0.639 0.720 0.320
R 0.162 0.732 0.095  0.461 0.091 0.159
        
 L6 L7 L8  R6 R7 R8 
W.G 0.202 0.840 0.438  0.553 0.583 0.611
J.M 0.366 0.791 0.331  0.691 0.085 0.859
R 0.921 0.130 0.821  0.300 0.387 0.112

Table D13. A table showing the results of the t-test for the Word Expression Paradigm when comparing each individual channel 
to the overall regional average for each stimuli ( W.G-Word generation, J.M-Jaw Movement, R-Rest) for HbO. P 

values greater than 0.05 should not be considered statistically different. 
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WORD EXPRESSION PARADIGM p-values (Channels vs. Mean of all three channels) (HbR) 

 L1 L2 L3  R1 R2 R3 
W.G 0.220 0.858 0.069  0.053 0.103 0.407
J.M 0.510 0.298 0.763  0.663 0.727 0.523
R 0.227 0.187 0.322  0.785 0.423 0.685
        
 L6 L7 L8  R6 R7 R8 
W.G 0.454 0.113 0.071  0.060 0.749 0.179
J.M 0.150 0.212 0.511  0.852 0.458 0.533
R 0.330 0.488 0.885  0.187 0.386 0.139

Table D14. A table showing the results of the t-test for the Word Expression Paradigm when comparing each individual channel 
to the overall regional average for each stimuli ( W.G-Word generation, J.M-Jaw Movement, R-Rest) for HbR. P 

values greater than 0.05 should not be considered statistically different. 

 

WORD EXPRESSION PARADIGM p-values (Channels vs. Mean of all three channels) (HbT) 

 L1 L2 L3  R1 R2 R3 
W.G 0.949 0.515 0.764  0.593 0.816 0.193
J.M 0.064 0.216 0.175  0.882 0.653 0.437
R 0.099 0.491 0.340  0.291 0.284 0.307
        
 L6 L7 L8  R6 R7 R8 
W.G 0.230 0.025 0.036  0.709 0.847 0.183
J.M 0.286 0.013 0.890  0.348 0.005 0.496
R 0.588 0.388 0.606  0.009 0.121 0.448

Table D15. A table showing the results of the t-test for the Word Expression Paradigm when comparing each individual channel 
to the overall regional average for each stimuli ( W.G-Word generation, J.M-Jaw Movement, R-Rest) for HbR. P 

values greater than 0.05 should not be considered statistically different. 

WORD RECEPTION PARADIGM p-values (Channels vs. Mean of all three channels) (HbO) 

 L1 L2 L3  R1 R2 R3 
FA 0.778 0.488 0.217  0.702 0.944 0.518
RA 0.098 0.613 0.083  0.289 0.987 0.646
R 0.533 0.254 0.135  0.949 0.349 0.319
        
 L6 L7 L8  R6 R7 R8 
FA 0.081 0.605 0.285  0.235 0.807 0.388
RA 0.204 0.836 0.052  0.057 0.750 0.178
R 0.402 0.160 0.125  0.567 0.262 0.943

 

Table D16. A table showing the results of the t-test for the Word Reception Paradigm when comparing each individual channel to 
the overall regional average for each stimuli ( FA-Forward Audio, RA- Reverse Audio, R-Rest) for HbO. P values 

greater than 0.05 should not be considered statistically different. 
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WORD RECEPTION PARADIGM p-values ( Channels vs. Mean of all three channels) (HbR) 

 L1 L2 L3  R1 R2 R3 
FA 0.122 0.238 0.890  0.328 0.760 0.069
RA 0.286 0.118 0.276  0.468 0.107 0.813
R 0.077 0.966 0.422  0.183 0.423 0.392
        
 L6 L7 L8  R6 R7 R8 
FA 0.219 0.537 0.147  0.910 0.448 0.159
RA 0.110 0.185 0.683  0.575 0.550 0.061
R 0.467 0.901 0.169  0.718 0.087 0.283

 

Table D17. A table showing the results of the t-test for the Word Reception Paradigm when comparing each individual channel to 
the overall regional average for each stimuli ( FA-Forward Audio, RA- Reverse Audio, R-Rest) for HbR. P values 

greater than 0.05 should not be considered statistically different. 

 

WORD RECEPTION PARADIGM p-values ( Channels vs. Mean of all three channels) (HbT) 

 L1 L2 L3  R1 R2 R3 
FA 0.412 0.287 0.369  0.06 0.088 0.705
RA 0.43 0.135 0.676  0.922 0.688 0.762
R 0.789 0.099 0.399  0.113 0.144 0.618
        
 L6 L7 L8  R6 R7 R8 
FA 0.119 0.814 0.412  0.072 0.197 0.937
RA 0.481 0.207 0.629  0.193 0.739 0.126
R 0.139 0.841 0.596  0.324 0.179 0.936

Table D18. A table showing the results of the t-test for the Word Reception Paradigm when comparing each individual channel to 
the overall regional average for each stimuli ( FA-Forward Audio, RA- Reverse Audio, R-Rest) for HbT. P values 

greater than 0.05 should not be considered statistically different. 

 

Appendix E- Word Expression Statistical Analysis Results 
 

 The results from the 3 paired p-value analysis (for word expression paradigm) are given below as 

tables E1-E3 for the channel-wise analysis, and as tables E4-E6 for the regional analysis. These analyses 

were performed to determine if activation observed during the three stimuli presented during the word 

expression paradigm were statistically the same or statistically different from one another.  The p-values 

that are smaller than 0.05 are to be considered statistically significantly different. This is to be interpreted 
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as the activation seen during each task differed from one another, which means that each of the three 

stimuli presented caused a different activation of the brain. For the word expression paradigm, the 

activation differed across all 16 channels, and all four regions in the temporal region of the brain for each 

of the three stimuli presented, for HbO, HbR, and HbT. A detailed analysis of how the three paired p-test 

was performed is given in section 3.5.2.  

HbO P-values for Word Expression Paradigm 
Channel Stimuli Comparison 
 Word v. Jaw Word v. Rest Jaw v. Rest 
L1 0.0001 0.0000 0.0000 
L2 0.0000 0.0000 0.0038 
L3 0.0000 0.0005 0.0000 
L4 0.0001 0.005 0.0000 
L5 0.0000 0.0000 0.0000 
L6 0.0000 0.0000 0.0000 
L7 0.0000 0.05 0.0000 
L8 0.0000 0.0001 0.045 
R1 0.0012 0.0000 0.0000 
R2 0.0005 0.0000 0.0000 
R3 0.0188 0.0009 0.0000 
R4 0.0003 0.0000 0.0000 
R5 0.0318 0.0000 0.0000 
R6 0.0005 0.0000 0.0000  
R7 0.008 0.0000 0.0000  
R8 0.0000 0.0002 0.0503  

 

Table E1: A table of the three paired p-test results for Oxy-hemoglobin (HbO) during the Word Expression 
Paradigm 
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HbR   P-values Word Expression Paradigm   
Channel Stimuli Comparison 
 Word v. Jaw Word v. Rest Jaw v. Rest 
L1 0.0000 0.03290 0.0000 
L2 0.0000 0.0050 0.0000 
L3 0.0001 0.0305 0.0000 
L4 0.0285 0.0002 0.0000 
L5 0.0000 0.0000 0.0000 
L6 0.0063 0.0000 0.0000 
L7 0.0001 0.0229 0.0000 
L8 0.0011 0.0000 0.0000 
R1 0.0000 0.0000 0.0000 
R2 0.0000 0.0001 0.0000 
R3 0.0000 0.0000 0.0000 
R4 0.0000 0.0037 0.0000 
R5 0.0090 0.0000 0.0000 
R6 0.0159 0.0272 0.0000 
R7 0.0000 0.0000 0.0000 
R8 0.0000 0.0000 0.0000 

Table E2: A table of the three paired p-test results for Deoxy-hemoglobin (HbR) during the Word Expression 
Paradigm. 

HbT P-values for Word Expression Paradigm 
Channel Stimuli Comparison 
 Word v. Jaw Word v.Rest Jaw v. Rest 
L1 0.0073 0.0000 0.0000 
L2 0.0001 0.0000 0.0001 
L3 0.0000 0.0000 0.0000 
L4 0.0002 0.0006 0.0000 
L5 0.0000 0.0000 0.0000 
L6 0.0000 0.0326 0.0000 
L7 0.0000 0.0000 0.0000 
L8 0.0000 0.0414 0.0001 
R1 0.0000 0.0000 0.0000 
R2 0.005 0.0000 0.0000 
R3 0.0000 0.0000 0.0000 
R4 0.0000 0.0000 0.0044 
R5 0.0043 0.0000 0.0001 
R6 0.0000 0.0000 0.0000 
R7 0.0000 0.0000 0.0000 
R8 0.0002 0.0000 0.0000 

Table E3 :A table of three paired p-test results for Total hemoglobin (HbT) during the Word Expression Paradigm. 
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HbO 3 paired P-values for Word Expression Paradigm 
Region Stimuli Comparison 

 Word v. Jaw Word v.Rest Jaw v. Rest 
Left Anterior 0.000 0.000 0.000 
Left Posterior 0.005 0.000 0.000 
Right Anterior 0.000 0.000 0.000 
Right Posterior 0.001 0.000 0.000 

Table E4: A table of the three paired p-test results for Oxy-hemoglobin (HbO) during the  Regional Word 
Expression Paradigm 

HbR 3 paired P-values for Word Expression Paradigm 
Region Stimuli Comparison 
 Word v. Jaw Word v. Rest Jaw v. Rest 
Left Anterior 0.038 0.000 0.000 
Left Posterior 0.000 0.000 0.000 
Right Anterior 0.000 0.000 0.000 
Right Posterior 0.000 0.035 0.000 

 

Table E5: A table of the three paired p-test results for Deoxy-hemoglobin (HbR) during the  Regional Word 
Expression Paradigm 

 

 

 

HbT 3 paired P-values for Word Expression Paradigm 
Region Stimuli Comparison 
 Word v. Jaw Word v. Rest Jaw v. Rest 
Left Anterior 0.000 0.000 0.000 
Left Posterior 0.000 0.000 0.000 
Right Anterior 0.000 0.000 0.000 
Right Posterior 0.002 0.000 0.000 

Table E6: A table of the three paired p-test results for Total hemoglobin (HbT) during the  Regional Word 
Expression Paradigm. 
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Appendix F- Word Reception Statistical Analysis Results 
 

The results from the 3 paired p-value analysis (for word reception paradigm) are given below as tables 

F1-F3 for the channel-wise analysis, and as tables F4-F6 for the regional analysis. These analyses were 

performed to determine if activation observed during the three stimuli presented during the word 

reception paradigm were statistically the same or statistically different from one another. The p-values 

that is smaller than 0.05 are to be considered statistically significantly different. This is to be interpreted 

as the activation seen during each task differed from one another, which means that each of the three 

stimuli presented caused a different activation of the brain. For the word reception paradigm, the 

activation differed across all 16 channels and all four regions in the temporal region of the brain for each 

of the three stimuli presented, for HbO, HbR, and HbT. A detailed analysis of how the three paired p-test 

was performed is given in section 3.5.2. 

HbO P values for Word Reception Paradigm 
Channel Stimuli Comparison 
 *FA v. ** RA *FA v. Rest **RA  v. Rest 
L1 0.0001 0.0000 0.0000 
L2 0.0000 0.0015 0.0000 
L3 0.0042 0.0000 0.0000 
L4 0.0001 0.0000 0.0000 
L5 0.0000 0.0360 0.0007 
L6 0.0000 0.0006 0.0000 
L7 0.0000 0.0117 0.0000 
L8 0.0000 0.0116 0.0000 
R1 0.0000 0.0024 0.0000 
R2 0.0000 0.0014 0.0000 
R3 0.0000 0.0000 0.0000 
R4 0.0000 0.0000 0.0000 
R5 0.0000 0.0000 0.0436 
R6 0.0000 0.0000 0.0434 
R7 0.0083 0.0000 0.0036 
R8 0.0000 0.0000 0.0000 

*FA= Forward Audio, **RA= Reverse Audio 
Table F1: A table of the three paired p-test results for Oxy-hemoglobin (HbO) during the Word Reception Paradigm. 

 



117 
 

HbR P-values for  the Word Reception Paradigm 
Channel Stimuli Comparison 
 *FA v.** RA *FA v. Rest **RA  v. Rest 
L1 0.0000 0.0000 0.0009 
L2 0.0001 0.0012 0.0015 
L3 0.0000 0.0000 0.0000 
L4 0.0000 0.0005 0.0000 
L5 0.0000 0.0000 0.0000 
L6 0.0000 0.0000 0.0000 
L7 0.0000 0.0000 0.0002 
L8 0.0000 0.0014 0.0000 
R1 0.0000 0.0000 0.0000 
R2 0.0000 0.0000 0.0000 
R3 0.0000 0.0000 0.0000 
R4 0.0000 0.0000 0.0000 
R5 0.0000 0.0051 0.0000 
R6 0.0000 0.0017 0.0003 
R7 0.0002 0.0005 0.0009 
R8 0.0000 0.0000 0.0003 

*FA= Forward Audio, ** RA= Reverse Audio 
Table F2: A table of the three paired p-test results for Deoxy-hemoglobin (HbR) during the Word Reception 

Paradigm. 

HbT p-values for Word Reception paradigm 

Channel Stimuli Comparison 
 *FA v.** RA *FA v. Rest **RA  v. Rest 
L1 0.0156 0.0043 0.0000 
L2 0.0000 0.0000 0.0000 
L3 0.0414 0.0000 0.0000 
L4 0.0000 0.0000 0.0000 
L5 0.0107 0.0185 0.0000 
L6 0.0000 0.0000 0.0000 
L7 0.0000 0.0000 0.0000 
L8 0.0000 0.0000 0.0000 
R1 0.0000 0.0024 0.0000 
R2 0.0000 0.0000 0.0000 
R3 0.0000 0.0008 0.0000 
R4 0.0000 0.0000 0.0000 
R5 0.0000 0.0000 0.0000 
R6 0.0005 0.0000 0.0005 
R7 0.0049 0.0000 0.0000 
R8 0.0000 0.0000 0.0000 

*FA= Forward Audio, **RA=Reverse Audio 
Table F3: A table of the three paired p-test results for Total hemoglobin (HbT) during the Word Reception 
Paradigm. 
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HbO 3 paired P-values for Word Reception Paradigm 
Region Stimuli Comparison 
 FA v. RA FA v. Rest RA v. Rest 
Left Anterior 0.000 0.002 0.000
Left Posterior 0.000 0.000 0.000
Right Anterior 0.000 0.000 0.000
Right Posterior 0.000 0.000 0.000
Table F4: A table of the three paired p-test results for Oxy-hemoglobin (HbO) during the regional Word Reception 

Paradigm. 

HbR 3 paired  P-values for Word Reception Paradigm 
Region Stimuli Comparison 
 FA v. RA FA v. Rest RA v. Rest 
Left Anterior 0.000 0.031 0.000
Left Posterior 0.000 0.040 0.000
Right Anterior 0.000 0.000 0.000
Right Posterior 0.000 0.000 0.000

Table F5: A table of the three paired p-test results for Deoxy-hemoglobin (HbR) during the regional Word 
Reception Paradigm. 

HbT 3 paired  P-values for Word Reception Paradigm 
Region Stimuli Comparison 
 FA v. RA FA v. Rest RA v. Rest 
Left Anterior 0.000 0.001 0.000
Left Posterior 0.001 0.000 0.000
Right Anterior 0.001 0.000 0.000
Right Posterior 0.000 0.004 0.000
Table F6: A table of the three paired p-test results for Total hemoglobin (HbT) during the regional Word Reception 

Paradigm. 
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